How β β-barrel proteins are inserted into cellular membranes is poorly understood. New work has identified a sorting and assembly machinery that chaperones β β-barrels into the mitochondrial outer membrane and is evolutionarily conserved from bacteria to man. These findings suggested that Tom40 first translocates across the TOM machinery before being sorted to an additional outer membrane protein complex for its membrane integration (Figure 1) . Upon further incubation, the Tom40 precursor integrates into the outer membrane, forming part of a 100 kDa complex in which it associates with one or more small Tom subunits, suggesting that it is properly folded. 
contains Tom40 precursor mainly exposed to the intermembrane space [5, 7, 8] .
These findings suggested that Tom40 first translocates across the TOM machinery before being sorted to an additional outer membrane protein complex for its membrane integration (Figure 1) . Upon further incubation, the Tom40 precursor integrates into the outer membrane, forming part of a 100 kDa complex in which it associates with one or more small Tom subunits, suggesting that it is properly folded. Finally, Tom40 associates with the receptor subunit Tom22, which drives the complete assembly of the TOM complex [5] .
The observations point to the 250 kDa protein complex being involved in the folding and membrane insertion of Tom40 into the mitochondrial outer membrane. The components of this 'sorting and assembly machinery' (SAM) complex eluded identification until recently. By looking at the assembly of Tom40 precursor in various yeast mutants, members of Nikolaus Pfanner's group [8] identified the mitochondrial outer membrane protein Mas37 as a component of the SAM complex. Using a tagged version of Mas37, Kozjak et al. [9] subsequently purified the SAM complex from yeast mitochondria and identified as a further component Sam50, a 54 kDa integral protein of the outer membrane. Sam50 is the second known essential protein of the mitochondrial outer membrane, the first being Tom40.
In parallel work, researchers in Walter Neupert's group [10] identified Sam50 through proteomic profiling of mitochondrial outer membrane proteins and independently named it Tob55 while the SAM complex was termed the TOB (topogenesis of mitochondrial outer membrane β β-barrel proteins) complex. Sam50/Tob55 was also identified by Gentle et al. [11] through its homology with members of the OMP85 family of bacterial outer membrane proteins, recently found to be involved in the biogenesis of membrane β β-barrels [12]. Omp85 and Sam50/Tob55 show sequence similarity to Toc75, a chloroplast outer membrane protein also involved in organellar protein import [13] . Thus, the process for membrane integration of β β-barrel proteins has been evolutionary conserved and the importance of this is exemplified by the fact that Sam50/Tob55 and Omp85 are both essential for cell viability. In the interests of clarity, from here I shall just use the SAM nomenclature, as it has precedence [8] .
In bacteria, depletion of Omp85 leads to defects in the assembly of outer membrane proteins [12, 14] . Supporting the functional evolutionary conservation of the protein, mitochondria containing temperaturesensitive mutant forms of Sam50 mutants or depleted of Sam50 failed to efficiently assemble either Tom40 precursors or the β β-barrel proteins VDAC and Mdm10 [9-11]. The SAM complex seems to be required for the insertion of only complicated outer membrane proteins, as matrix and inner-membrane proteins, as well as outer membrane proteins containing single transmembrane anchors, were imported into mitochondria with a defective SAM complex [8] [9] [10] .
How does the SAM complex function in β β-barrel insertion? At present one can only speculate. Electron microscopy of purified Sam50 revealed that it forms ring-shaped assemblies with an internal diameter of about 7 nm -large enough to accommodate β β-barrel substrate proteins [10] . This led to the suggestion that Sam50 may aid in polypeptide folding by forming an Anfinsen-type cage [10] , analogous to the molecular chaperone GroEL [15] . But as Sam50 is predicted to be a β β-barrel membrane protein itself, the lateral release of folded substrates from the cage and into the membrane would require large structural rearrangements in the β β-strands of Sam50 and the disruption of many hydrogen bonds [7, 15] .
An alternative mechanism, involving the sequential insertion of β β-strands into the membrane as the substrate folds, also poses problems, as the exposure of many open hydrogen bonds to the lipid interior would be energetically unfavorable. This latter process may be possible, however, if the open hydrogen bonds become transiently paired by polar groups in surface patches within the SAM complex that are exposed upon substrate binding [11] . Such a mechanism would explain the finding that, while most of the Tom40 precursor is exposed to the intermembrane space when bound to the SAM complex, a portion also faces the cytosolic side [8] . The SAM complex might also be involved in recruiting certain lipids to assist in protein folding of β β-barrel substrates, as Omp85 has been implicated in the insertion of phospholipids into the bacterial outer membrane [14] , while Mas37 was originally identified through a yeast screen for phospholipid defects [16] .
Another issue to be clarified is whether all β β-barrel proteins insert into the mitochondrial outer membrane via the intermembrane space side. Such a process would mean that the membrane topology of Omp85 is conserved in Sam50. Indeed this seems to be the case [10] . Intriguingly, Sam50 and its homologues contain a conserved amino-terminal intermembrane space domain, which is present in a number of protein families and suggested to have chaperone-like qualities [17] . This domain may be required for sorting β β-barrel precursors as they translocate across the TOM machinery or in stabilization of substrates prior to their membrane insertion.
Finally, as a side note, the finding that Sam50 presents a large channel in the mitochondrial outer membrane means that its opening must be tightly regulated in order to prevent the release of small intermembrane space proteins into the cytosol. An interesting proposal put forward by Paschen et al. [10] is that pro-apoptotic molecules may even hijack the SAM complex to provide an opening for cytochrome c escape, thereby initiating the apoptotic cascade in higher eukaryotes. Indeed this proposal might be supported by the observation that the potential homolog of Mas37 in mammals is Metaxin, a protein required for embryonic development in mice and implicated in tumor necrosis factor-induced cell death [18, 19] . Given the rapid progress in the field of mitochondrial biogenesis, questions regarding the function of the SAM complex in membrane insertion of β β-barrel proteins as well as its potential role in apoptosis will be soon answered. Intermembrane space Current Biology
